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                        INTRODUCTION

1. INTRODUCTION

India has a vast and inexhaustible resource of drugs of plant origin. Medicinal plants have their value in the substances present in various plant tissues. These produce specific physiological action in the human body. There are a wide range of phytochemical types including simple to complex carbohydrate, proteins, acids, oils, tannins, saponins, glycosides and the list goes on. 

In common with studies of naturally existing compounds of all types, flavonoid chemistry has emerged from the undirected search for new compounds and the establishment of their structures by conventional means and has been increasingly directed into areas of enquiry into which biological considerations come to play an important role. 

Column chromatographic methods have been developed for the separation of a number of different classes of compounds over the years prior to 1939, the general use of very polar adsobents, such as alumina, precluded their successful application at that time for compounds like the flavonoids.  

Flavones may occur as C-glycosyl derivatives as well as O-glycosides.                      Eg. Vitexin & Isovitexin 
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These are also called as anthoxanthins. Chemically, they are hydroxylated  derivatives of flavones (2-phenyl- 4-chromone) which are partially alkylated. In most of the flavones positions 5 & 7 are hydroxylated and also one or more positions 3,4,5 are also hydroxylated. Further, positions 3( & 5( are often methylated whereas position 5(, 7(, & 4’ are usually unmethylated. (Ayodhiya Singh et al., 1998).
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Nuclear magnetic resonance was first observed in 1946. The Nobel prize for Chemistry was awarded in 1991 to Ernst. 


The main application of NMR is in determining the structures of molecules. It is a very powerful tool for doing this and as such has become possibly the most important of all spectroscopic methods. 


The presentation of data in two-dimension allows much more information to be assembled and correlated that would be conceivable in a normal one-dimensional plot.

In two-dimensional spectrum, both axes show chemical shifts, with the intensity of the peaks constituting a third dimension. This gives a contour plot. The most useful 2D spectra are those that show either 1H-1H correlations or 1H-13C correlations. 

             Two- dimensional methods are based on the couplings between nuclear dipoles. These can be scalar (through bond) couplings, or of a dipolar type (through space, as in the Overhauser effect).

1.1 Objective of the work


The overall objective of the present study is the isolation of two chemical constituents  from the stems of Anisomeles malabarica and subject them to 2D NMR spectral analysis.

The main objectives are:

· To collect the crude plant material (stems) of Anisomeles malabarica 

· To isolate the component from plant material by column chromatography.

· To characterize the component by preliminary method.

· To establish identity with authentic sample by recording mixed melting point.

· To check homogeneity and purity of isolated compounds by TLC.

· To analyse the isolated compound by 2D NMR analysis - NOESY spectrum.




         REVIEW OF LITERATURE
2. REVIEW OF LITERATURE


A review of past literature helps to proceed with further investigation.  Earlier investigations of Anisomeles species have led to the isolation and identification of a number of terpenoid and flavonoid types of compounds.  The present review is based on the following aspects

2.1   
Taxonomical classification of Anisomeles species.

2.2  
Flavones from Anisomeles species.

2.3  
Synthesis of flavones

2.4       2D NMR methods for structural elucidation.

2.5     2D NMR spectral methods of structural elucidation of flavone glycosides           

and   other plant metabolites.

 2.1 Taxonomical Classification of Anisomeles  species

         
The generic name Anisomeles R.Br is derived from the greek words   Anisos = unequal  and  Molos =  a member, referring to unequal corolla lobes 

(Purushothaman kaushik et al., 1999)

There are the three species in the genus.



Anisomeles malabarica



Anisomeles indica



Anisomeles heyneana.

Anisomeles malabarica

Synonyms


Anisomeles disticha


Anisomeles fruticosa

Habitat


Commonly found in the Western ghats from Maharashtra to Karnataka, Andrapradesh and in Kerala and Tamil nadu.

Habit


An aromatic densely pubescent, perennial herb.  Stem and branches obtusely tetragonous and softly white, tomentose as are the undersurface of the leaves.  Cymes in the whorls dense, shortly but sometimes much elongate in fruit; fruiting calyx softly villous with shining hairs, the lobes narrowly lanceolate, leaves thick, lanceolate, acute, rounded at base,  crenate-serrate, tomentose up to 5 inch long and 2 inch broad. 

Chemical Constituents


The plant yields a light brown essential oil.  It consists mainly of (-Sitosterol; two diterpene lactones, ovatodiolide, Citral, hydrocarbons and anisomelic acid.  Other constituents include monocyclic diterpenes, anisomelolide, malabaric acid, anisomelyl acetate, anisomelol, anisomelin and geranic acid. ( Prajapati Narayan Das et al., 2003 ).

Therapeutics


It has anti-pyretic, anti-spasmodic, emmenagogue, anti-periodic properties.  It is used in treating epilepsy, hysteria, amentia, colic, anorexia, dyspepsia, flatulence and worms.  It also cures itching, thirst, indigestion, fever, leprosy and heamatological disorders.  It is used in scorpion sting and snake bite.   A decoction of the herb is beneficial in rheumatic joints.  Leaves are used as stomachic, carminative, diaphoretic and astringent agents.  The fresh juice or infusion of leaves is used in colic, dyspepsia and fever.  It is administered to children in colic, dyspepsia and fever arising from teething.  Essential oil is used externally in rheumatism  ( S.G. Joshi, 2000 )
Anisomeles indica  

Synonyms



Nepeta indica Linn



Anisomeles ovata R.Br

Anisomeles ovata Aiton

Epimeredi indicus (Linn) Rothm.

Habitat


Throughout India and in Ceylon ascending to 5000 feet altitude, in the Himalayas, extending to the Malaya peninsula, China and Philippines.

Habit


Suffruticose herb, 3-4 feet high, sparingly hairy to densely pubescent or almost woolly.  Steons acutely four-angled, leaves 2.5-3 inch long, ovate, acute, crenate-serrate, thickly herbaceous, softly pubescent on both sides, base truncate rounded or rarely cuneate, the margins entire; petiole densely hairy, cymes in the whorls sessile, shortly elongate in fruit.  Corolla 5/8 inch long; upper tip pale purple, ¼ inch long,  oblong rounded, lower tip deep blue, much longer, the midlobe deeply 2 feet. Filaments bearded. Nutlets 1/10 inch long smooth shining and black when ripe
Anisomeles heyneana

Habitat


Western ghats, Nilgiri Hills probably from Wynaad.  A tall erect herb reaching 5 feet in height (cooke), the corolla white or greenish-white.

Habit


Cymes in the whorls Pedunculate in fruit, elongate and unilateral; fruiting calyx scabrous and with scattered bulbous-based hairs, the lobes acuminate, leaves ovate, acuminate, cuneate at base, creneate-serrate, glabrous or sparsely hairy up to 3 inch long, 1.5 inch broad. 

2.2  Flavones from Anisomeles species

Anisomeles species have been found to be a rich source of  flavonoid  derivatives.  The following is a review of the flavones isolated from the various species of Anisomeles 
From the aerial parts of Anisomeles malabarica 4’,5 –dihydroxy –3’,6,7-trimethoxy flavone was isolated. (Geetha Devi et al., 1978)
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The chloroform fraction of the ethanol extract from the roots of Anisomeles indica is reported to contain anisomelin ( 5, 4’-dihydroxy-6, 7, 3’- O-trimethoxy flavone) (10) (Ansari et al., 1982)

The flavonoid glycosides, cosmosiin (apigenin-7-O-(-D-glucoside) (11), terniflorin [apigenin-7-O-(-D-(6(-p-coumaroyl) glucoside] (12) and anisofolin-A [apigenin-7-O-(-D-(3(,6(-di-p-coumaroyl) glucoside] (13)  were isolated from Anisomeles ovata. (Jagan Mohan Rao et al., 1982)
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(11) Cosmosiin: R1 =   R5  =  OH;   R2 =   R4  =  H;  R3  =[-(-D-(glucosyl)]

(12)Terniflorin:R1=R5=OH; R2=R4=H; R3=[-(-D-(6(-p-coumaroyl glucosyl)]      

(13)Anisoflavin: R1=R5=OH; R2=R4=H; R3=[-(-D-(3(,6(-di-O-p-coumaroyl)]   
Two new acylated apigenin glucosides were separated from the aerial parts of Anisomeles ovata and identified as [apigenin-7-O-(-D-(2(,6(-di-O-p-coumaroyl) glucoside] (14) and  [apigenin-7-O-(-D-(4(,6(-di-O-p-coumaroyl) glucoside] (15) along with some known glucosides. (Jagan Mohan Rao et al., 1983)

Phytochemical investigation of the acetone extract of stems of Anisomeles malabarica led to the isolation of two apigenin glycosides identified as apigenin-7-O-(-D-(4(-6(-di-O-p-coumaroyl) glucoside (15) and apigenin 7-O-(-D- (2(,6(-di -O-p-coumaroyl) glucoside,(14) by spectral analysis.  (Dulcy et al., 2003)
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Two new flavone glycosides, apigenin-7-O-(6(-O-(-D-fructofuranosyl)-(-D-glucopyranoside, (16) apigenin-7-O-(1(-O-(-D-glucopyranosyl)-(-D-galactopyranoside, (17) were isolated from the stems of Anisomeles malabarica. (S.Gomathi, M.Phil thesis 2005,Avinashilingam Deemed University).
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17
2.3 Synthesis of Flavones 


Various methods are available for the synthesis of flavones. The  most common are:

2.3.1 Robinson’s Synthesis 


O-hydroxy acetophenone (18) when heated at 180oC with benzoic anhydride (19) & sodium benzoate  yields flavone (3)
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 2.3.2 Baker-Venkataraman Synthesis


This synthesis involves the isomerization of O-benzoyloxy aceophenone (20) to an O-hydroxy- (-diketone by a base.
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2.3.3 Wheeler Synthesis

This synthesis involves the following steps;
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  (3)

2.4 2D NMR methods for structural elucidation


2D NMR spectral analysis of natural products has been of immense use in confirming their structures.  A  brief  review of the existing 2D NMR methods and their utility in affirming the structure of natural products is presented herewith

           2.4.1 A list of two- dimensional NMR techiniques






Table-1

	Experiment
	Nuclei observed
	Types of information.

Applications.

	Heteronucelar-J-resolved 13C NMR Spectroscopy

Homonuclear J-resolved 1H-NMR Spectroscopy 

1H-1H COSY

Long-range COSY

1H-13C COSY (HMQC) 

HMBC 

2D-TOCSY

NOESY

EXSY

2 D- INADEQUATE
	13C
1H
1H

1H
1H-13C

1H-13C

1H
1H
1H
13C

	13C-1H Coupling constants, number of directly bonded protons (as in DEPT)

Useful in determining chemical shift values in complicated spectra. Identifying peaks of multiplets. 

Assigning signals in complicated spectra

Assigning signals of protons separated by four or more bonds where the couplings are small

Assigning signals in proton and carbon spectra, starting from known signals 

Assigning 1H and 13C signals on the basis of long range couplings

Allows identification of all the protons belonging to a common coupled spin system. 

Gives evidence  for spatial  proximity of nuclei using Overhauser effect 

Qualitative evidence of exchange processes. 

Assigning signals by detecting couplings between adjacent 13C   nuclei. 


2.4.2 NOESY

NOESY is a 2D spectroscopic  method in which the  aim is to identify spins undergoing cross-relaxation rates, and to measure cross-relaxation. Most commonly, NOESY is used as a homonuclear ¹H technique. In NOESY, direct dipolar couplings provide the primary means of cross-relaxation, and so spins undergoing cross-relaxation are those which are close to one another in space. Thus, the cross peaks of a NOESY spectrum indicate which protons are close to each other in space.


The basic NOESY sequence consists of three π/2 pulses. The first pulse creates transverse spin magnetization. This precesses during the evolution time t1, which is incremented during the course of the 2D-experiment. The second pulse produces longitudinal magnetization equal to the transverse magnetization equal to the transverse component orthogonal to the pulse direction. Thus, the basic idea is to produce an initial situation for the mixing period Zm. (for the basic NOESY Experiment, Zm in kept constant throughout the 2D experiment). The third pulse creates transverse magnetization from the remaining longitudinal magnetization. Acquisition begins immediately following the third pulse, and the transverse magnetization is observed as a  function of the time t2. The NOESY spectrum is generated  by a 2D Fourier transform with respect to t1 & t2.

2.4.3 COSY


COSY is a homonuclear 2D technique that is used to correlate the chemical shifts of 1H nuclei which are J-coupled to one another. There are two types of COSY.  Sequence Magnitude COSY and Double-Quantum Filtered DQF-COSY with and without pulsed field gradients are the two type. The different pulse sequences are quite simple. The first pulse creates transverse magnetization components which evolve chemical shift and homonuclear J-coupling during the evolution period t1.  The second pulse mixes the magnetization components among all the transitions that belong to the same coupled spin systems. The final distribution of labeled magnetization components is detected by measuring their precession frequencies during the detection period t2. The COSY-Spectrum is processed by a 2D Fourier transform with respect to t1 and t2 and the cross peaks indicate which 1H nuclei are J-coupled.

2.4.4 Advantages of 2D NMR over ID NMR:


The advantages of 2D NMR over 1D NMR may be seen just by comparing NOESY with its One-dimensional equivalent – a series of ID NOE experiments in which each proton resonance is saturated in turn. The main advantages are: 

· Crowded spectra such as are often obtained in One-dimension are considerably simplified by spreading resonance into a second dimension.

· There is no need for selective excitation of individual resonances, which is often difficult or impossible with overlapping signals

· Measuring all NOE’s simultaneously is more efficient than a series of One-dimensional experiments in just the same way that FT NMR is superior to continuous wave NMR.

 2.5  2D  Spectral  methods  for  structure  elucidation   of flavone glycosides   and other plant metabolites


2D spectral methods have immensely helped in establishing and confirming the structure of natural products. The following aspects of review highlights the utility and scope of 2D technique in NMR.
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The position of the acyl groups for compound (21) was determined by combination of HMBC and NOESY.   In a HMBC experiment, H-2((5.11)  showed a cross peak with the carbon signal at (170.1, locating the acetyl moiety at C-2; H-6 ((5.36) exhibited a cross peak with the carbon signal at (166.4, placing the p-hydroxy benzoyloxy moiety at C-6. The relative stereochemistry of the chiral centers could be deduced from a NOESY experiment, where H-2, H-6 and H-15 correlated with each other, indicating the (-configuration of these protons, while H-10 correlated with H-5, suggesting the (-configuration of H-10.  Other proton and carbon signals were determined by HMQC and HMBC.  Other 1D and 2D spectral techniques also suggested the structure of compound (23) as 2(-acetyloxy-4(-hydroxy-6-(-p- hydroxy-benzoyloxy-10-(-benzoyloxy-dauc-8-ene.  ( Ahmed et.al., 2005 )



                                              21                                                          

· Two new flavonoids 5,7,8,2(-tetramethoxy flavone and 2(-hydroxy 2,3,4(-trimethoxy chalcone, together with three known flavones, 5-hydroxy-7-methoxy flavone,  5, 2(, 6( trihydroxy-7-methoxy flavone and 5,7,2(,6( tetrahydroxy flavone have been isolated from the whole plant of Andrographis macrobotrys.  The structure of new compounds have been established using extensive 2D NMR &ESI-MS/MS studies. 
     ( Anilkumar et al., 2005 )

· The n-butanol extract fractionated from methanol extract yields flavanol glycosides  after eluting with solvents of different polarities.  These compounds have been identified as quercetin 4(-O-(-D-galactoside, kaempferol 3-O-(-D-glucosyl (1(2)-(-D-glucoside and quercetin –3-O-(-D-glucosyl (1(2)-(-D-galactoside 7-O-(-D-glucoside. ( Reena et al., 2005 ). 
· A new isoflavone characterized as 7,8-methylenedioxy–4(-methoxy isoflavone by chemical and spectral studies, has been isolated from the whole plant of Indigofera linnari (Rajendra Prasad et al., 2004).

· Structures of two new flavones isolated from Elsholtzia stauntonii benth have been determined as 5 –hydroxy-7,5(-dimethoxy-6,8-dimethyl–3(,4(-methylene dioxyflavone and 5-hydroxy –7 methoxy 8 methyl 5(-(3( methyl-but-2-eny1) 3(4(-methylenedioxy – flavone by spectroscopic methods. ( Shuhe et al., 2004 ).

· Nonacosane, Friedelin, (-sitosterol and oleanolic acid from petroleum ether extract 
5–acetoxy-3,3(,4(,5(-tetramethoxy flavone from acetone extract and quercetin from                               methanolic extract of the dry leaves of Quercus semicarpifolia have been isolated.    

( Chauhan    et al., 2004 ).

· The petrol extract of the aerial parts and roots of Limnophila indica has yielded a new flavone, 5, 8-dihydroxy-6,7,4(-trimethoxy flavone characterized by chemical as well as spectral studies ( Brahmachari et al.,2004 ).

· 5,4(–dihydroxy–6,7-dimethoxy flavone-8-C-(-L-rhamnoside, a new flavone glycoside and seven known compounds have been isolated and characterized from aerial parts of Andrographis paniculata. ( Sudhanshu Saxena et al., 2004 ).

· Spinoside, new coumaroyl flavone glycoside was isolated from the n-butanol fraction of the whole plant of Amaranthus spinosus and the structure assigned as 7-p- coumaroyl, apigenin 4-0-(-D-glucopyranoside on the basis of spectral techniques including 1D and  2 D NMR spectroscopy. ( Azhar-ul-Haq et al., 2004 ).

· Chemical investigation of the pollen grain collected from male plants of Cannabis sativa L. resulted in the isolation of two flavonol glycosides from the methanol extract.  The two glycosides were identified as kaempferol-3-O-sophoroside and quercetin-3-O-Sophoroside by spectroscopic methods including high field two-dimensional  NMR experiments. ( Samir et al., 2004 ).

· Three new acetylated falvonoid glycosides, 5, 6, 4(-trihydroxy flavone 7-O-(-L-2, 3-di-O-acetyl rhamnopyranosyl –(1(6)-(-D-glucopyranoside, apigenin 7-O-(-L-3-O- acetylrhamono-pyranosyl–(1(6)-(-D-glucopyranoside  and apigenin 7-O-(-L-2,3,di–O-acetylrhamnopyranosyl-(1(6)-(-D-glucopyranoside were isolated from Scoparia dulcis.  Their structures were elucidated by spectroscopic analyses.      ( Yushan Li et al., 2004 ). 
· From the aerial parts of Sideritis ozturkii, three new flavonoids, chrysoeriol 7- O-(2-O-caffeoryl-O-acetol(1(2)-D-glucopyranoside), chrysoeriol 7-O(2-O-caffeoyl-Dglucopyranosyl (1(2)-D-glucopyranoside), chrysoeriol 7- O-(2-O-p-coumaroyl-6-O-acetyl-D-glucopyranosyl(1(2)-D-glucopyranoside) named as ozturkosides A,B,C respectively, were isolated.  The structures were elucidated by 2D spectroscopic techniques. ( Pinar et al., 2004 ).

· Six new acylated flavone C-glycosides, 2(-O-(2((-methylbutyryl)isoswertisin, 3(-O-(2((-methylbutyryl)-isoswertisin,2(-O-(2((-methylbutyryl)vitexin,2(-O-(2((-methylbutyryl)orientin, 2(-O-(3((,4((- dimethoxybenzoyl)vitexin, and 2(-O-(3((,4((-dimethoxybenzoyl)orientin, and the known flavone C-glycoside, isoswertisin, were isolated from the flowers of Trollius ledebouri. They are elucidated by spectroscopic methods.
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The 13C NMR spectrum of compound (22)  revealed 27 carbon signals, which suggested the presence of a flavonoid moiety, a saccharide moiety, and an acyl group.  The sugar moiety was determined to be (-glucose from 1H and 13C NMR data. The site of the sugar linkage in (22) was also considered to be at the C-8 position of the aglycon moiety.  The position of the acyl group was confirmed at C-2(of the sugar moiety by the long-range correlation between the proton at ( 5.35 (H-2() and the carbonyl signal at ( 174.2  (C-1(() from the HMBC spectrum and in conjugation with the other spectral details the structure of compound (22) was established as (-2(-O-(2((-methylbutyryl) isoswertisin. ( Jian-Hua zou et al., 2004 )

R1=CH3,R2=Et(Me)CHCO,R3=R4=H                 22
· Two flavonoid glycosides 3, 2(-dihydroxy-7,8,4(-trimethoxy flavone – 5-O-((-D-glucopyranosyl (1(2)-(-D-galacto-pyranoside and apigenin.  7-O-(-D-allopyranoside  have been isolated from the plant Cassia occidentalis.  The structures have been established on the basis of chemical evidences & spectroscopic methods.
      
( Chharipurwar et al., 2003 ).




                                                                                                                   
· From the Methanol extract of Salvia moorcroftiana wall,  four new compounds, the two                      flavonoid glycosides, genkwanin 4(-(O-(-L-rhamnopyranosyl–(1(2)-(-D-galactopyranoxide)  and genkwanin 4(-(O-(-L-rhamnopyranosyl–(1(3)–(-L rhamnopyranoside) and  two benzene derivatives were isolated in  addition to two known compounds.  The structures of all new compounds were determined by 1D & 2D homonuclear and heteronuclear NMR spectra   ( Muhammad Zahid et al.,2002 ).

· A new isoflavonoid glycoside together with three flavonoids was isolated from the flowers of Pueraria lobata.  Three of them, apigenin, apigenin 4(-O-(-D- glucoside and wistin were reported.  Their structures were established on basis of spectral evidence. 

      ( Hsiou –Yu et al., 2002 ).
· From the rhizomes and roots of Valeriana jatamansi jones, two new flavone glycosides, acacetin-7-(-(-sophoroside and acacetin-7-(-(6((-O-(-L-rhamnopyranosyl)-(-sophoroside have been isolated together with fifteen known compounds.  The structures were determined by spectral techniques (Yu-ping tang     et al.,2002)

· A novel acylated glycoside was isolated from the blue purple flowers of Eichnornia crassipes as a major pigment and was identified as (6-O-(delphinidin –3-O-(6-O-((-D-glucopyranosyl-(-D-glucopyranosyl)))-6-O-(apigenin–7-O-((-D-glucopyranosyl) malonate by spectral methods. ( Kenjiro Toki et al., 2001 ).

· Leaves of Cucumis sativus  plants yielded five new acylated flavone C-glycosides identified as isovitexin 2(-O(6-(–p-coumaroy1) glucoside–4(-O-glucoside, isoviatexin 2(-O-(6-( feruloyl) glucoside 4(-O-glucoside isoscoparin 2”– O (6-(-p-coumaroxyl) glucoside and isoscoparin 2(– O-(6-(E) p-coumaroyl glucoside & isoscoparin 2(– O- (6-(– feruloyl) glucoside – 4(-O-glucoside ( Mamdouh et al., 2001 ).

· Three flavones, including 4(-(-(2(-O-(-feruloyl-O-(-D-glucuronopyranosyl (1(2)-(-(-D-glucuronopyranoside) apigenin, 7-(-(-D glucuropyranosyl – 4(– (-(2(–(-(-Feruloyl-O-(-D-glucoronopyranosyl(1(2)-O-(-D-gluconopyranoside) apigenin and 7-(-(-D glucuronopyranosyl – 4(-(-)2(-(-p-(-coumaroyl – (-(-D- glucoronopyranosyl (1(2) )-(-D glucoronopyranoside) apigenin have been identified in (lfalfa var-artal.  The structure of there compounds were deduced on basis of spectral data. (Anna Stochmah et al., 2001).

· From the aerial parts of Scutellaria pontica, a phenolic glucoside, 3, 5-dihydroxyphenyl (-D-glucopyranoside as well as a C –glucosyl  flavone, isovitexin; flavones & flavone glucosides, 5 –hydroxy – 7-3(, 4( – trimethoxyflavone, apigenin, apigenin – 7-(-(-D glucopyranoside and apigenin 7-(-(-D-glucopyranoside 4(-O-methylether were isolated.  The structures of the isolated compounds were established on the basis of spectroscopic evidence.

13C NMR spectrum of a compound shows the ten carbon resonances, two of which       were in double integrities and six of which could be assiogned to a (-D-glucopyranosyl moiety.  The complete analysis of the NMR data was based on the results of 1H-1H COSY, 1H-13C HMQC and 1H-13C HMBC.  1H NMR spectrum shows the 2-proton  doublet resonance which correlated with the carbon resonance on the HMQC spectrum and was attributed to phenyl moiety.  The information concerning the linkage of the sugar moiety was obtained from the HMBC spectrum. 1H-13C HMBC cross- peaks observed, confirm the proposed structure and the structure was established as 3,5- dihydroxyphenyl-(-D-glucopyranoside.  ( Tayfum ersoz   et al.,2001 ). 
· Six flavone C-glycosides were isolated from young leaves of barley. One mono and two di-C-glycosyl flavones were isolated for the first time from barley and identified as isoscoparin-7-O-(-D-glucoside, carlinoside and shaftoside, respectively.  Structural determnation of all the compounds was achieved by employing 1D & 2D NMR techniques. ( Rikke, et al.,2000 ).

· Three new 7-methoxy flavone-5-O-glycosides were isolated from a cytotoxic methanol extract of Lethedon tannaensis and the structures were elucidated by 2D NMR spectral analysis and by chemical methods.  Lethedosodes  were 5-O-glucosides of 7,3(,4(-tri-O- methyl luteolin, 7,3(,4(,5(-tetra-O-methyl tricetin, and 7,3(,4(-tri-O- methyl tricetin respectively. (Abdellatif et al., 1999)

· Phytochemical investigation of the leaves of Paullinia pinnata L. (Sapindaceae) resulted in the isolation of the two new flavone glycosides characterized as diosmetin-7-O-(2(-O-(-D-apiofuranosyl-6(-acetyl-(-D-glucopyranoside) and tricetin-4(-O-methyl-7-O-(2-O-(-D-apiofuranosyl-6(-acetyl-(-D- glucopyranoside

The 13C NMR and DEPT 135 spectra of compound (23) showed 29 carbon signals for two methyls, three methylenes, 13 methines, and 11 quaternaries. Three of the 29 carbons belonged to methoxy  and acetoxy substituents. The presence of three methylenes among the remaining 11 carbons indicated that the flavonoid aglycon was linked to a hexose and a pentose, and that the pentose was most probably apiose. The 1H and 13C NMR data of the aglycon matched those reported for 5,7,3(-trihydroxy-4(-methoxyflavone which was confirmed by 2D NMR (COSY and HMBC).

   (Ehab  et al., 1999 )
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In the HMBC spectrum of (24), correlations were observed between H-1( and C-5, C-6, and C-7 and between H-1((and C-7, C-8, and C-9; thus, the two sugar moieties were attached to C-6 and C-8. The sugars were identified from COSY, TOCSY, HMQC, and HMBC spectra in conjunction with the magnitude of the 1H-1H vicinal coupling constants.  In the COSY spectrum, a cross peak was observed between H-2((( and a resonance at ( 3.94 (dd, J = 2.0, 4.0 Hz). On the basis of the large coupling constant (10.0Hz) between H-1((( and H-2(((, the two protons were established as axial and the configuration of the sugar as (. On the other hand, the configuration of H-3((( was indicated to be equatorial. The structure was determined as apigenin-6-C-(-D-glucopyranosyl-8-C-(-D-6-deoxyglucopyranoside 

( Andre-Paul et al.,1998 )

[image: image39.jpg]
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· A new flavonoid di-C-glycoside, violarvensin was isolated from the aerial parts of Viola arvensis, together with the known derivative violanthin.  The structure  was established as apigenin-6-C-(-D-glucopyranosyl-8-C-(-D-6-deoxyglucopyranoside by spectral analysis. (Andre-Paul et al., 1997).

· A new flavone, apigenin 7-O-(2-rhamnosyl) gentiobioside and 7 known flavone glycosides- cosmosiin, apigenin-7-O-neohesperidoside, apigenin-7-O-gentiobioside,  apigenin-7-O-sophoroside, luteolin-7-O-glucoside, luteolin-7-O- neohesperidoside, luteolin-7-O- gentiobioside, were isolated from the leaves of Lonicera gracilipes var glandulosa.  Their structures were elucidated on spectral and physiochemical properties. 

             In the NOESY spectrum of compound  (25), cross-peaks were observed between the inner glucosyl anomeric proton and H-6 and H-8. Chemical shifts of  13C-NMR assignments were confirmed with the help of DEPT spectrum and 13C-1H COSY. In the HMBC spectrum, cross-peaks were observed between a terminal glucosyl anomeric proton and an inner glucosyl C-6(at ( 70.1 and between a rhamnosyl anomeric proton and an inner glucosyl proton at C-2(at ( 79.7. Thus, the structure of (25) was determined to be apigenin 7-O-(-L-rhamnopyranosyl ( 1( 2 )-O-[(-D-glucopyranosyl ( 1(6 )-O-(-D-glucopyranoside]. ( Masao kikuchi et al., 1996 )

[image: image40.jpg]
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MATERIALS AND METHODS

3. MATERIALS AND METHODS 

The Present work deals with the isolation and confirmation of the structure of the chemical constituents from the acetone extract of the stems of Anisomeles malabarica. The structures of the constituent had been established by earlier workers.

3.1 Collection of the plant marterial 


The stems of  Anisomeles malabarica  weres collected from the agricultural field on the way to Pollachi near Coimbatore.

3.2 Identification of the plant marterial


The identity of the plant material was confirmed at the Herbarium of Botanical Survey of India, Coimbatore.
3.3 Solvents used


Petroleum ether, benzene, carbon tetrachloride,  ethyl acetate,  ethanol,  acetone. 

3.3.1 Purification of solvents
3.3.1.1 Petroleum ether


The fractions of refined petroleum which are commonly used have B.P 40-60, 60-80, 80-100, 100-120o C.  The presence of unsaturated hydrocarbon in light petroleum is undesirable.  Most of the unsaturated hydrocarbons may be removed by shaking two or three times with 10% of the volume of concentrated H2SO4 vigorous shaking is continued with successive portions of a concentrated solution of KMnO4 in 10% H2SO4 until the colour of the KMnO4 remains unchanged.  The solvent is then thoroughly washed with   Na2CO3 solution and then with water, finally dried over anhydrous calcium chloride and distilled. (Vogel., 2004 )

3.3.1.2 Benzene


 Commercial benzene may contain thiophene, which cannot be separated by distillation or by fractional crystallization.  It is shaken repeatedly with about 15% of its volume of concentrated H2SO4 in a stoppered separating funnel, for few minutes, the mixture is allowed to settle and the lower layer is drawn off. The solvent is washed with Na2CO3 solution and then with water, finally dried over anhydrous calcium chloride and distilled. The fraction distilling at 80o C was collected and used. ( Vogel., 2004 )
3.3.1.3 Ethyl acetate

A mixture of 1 litre of the commercial ethyl acetate, 100 ml of the acetic anhydride and 10 drops of concentrated H2SO4   is heated under reflux for 4 hours and then fractionated.  The distillate is then shaken with 20-30 g of anhydrous KOH, filtered.   The fraction distilling at 77o C was collected. (Vogel., 2004 )

3.3.1.4 Acetone

Acetone is heated under reflux with successive quantities of KMnO4 until the pink colour   persists.  It is then dried with anhydrous  CaSO4, filtered from the desiccant and fractionated.  The fraction distilling at 56.2o C was collected. (Vogel., 2004 )
3.3.1.5 Carbon tetrachloride


One litre of commercial carbon tetrachloride is treated with KOH dissolved in equal weight of water and 100ml of rectified spirit, and shaken for 30 min, ethanol is removed by shaking with water, followed by shaking with concentrated H2SO4, dried over anhydrous calcium chloride and distilled. The fraction distilling at 76.5o C was collected and used. (Vogel., 2004 ).

3.4 Chromatography reagents


 Silica gel of 60-120 mesh size was used as an adsorbent in column chromatography.


Silica gel of 350 mesh with 13% CaSO4   was used as solid stationary phase in thin layer chromatography (TLC).

3.5 Preparation of TLC plates
The required quantity of silica gel was weighed and shaken well to form a homogenous suspension with distilled water.  The suspension was poured onto the plate and dried in air over night and then activated in the oven at 120o C for 2 hours.

3.6 Instruments


Stainless steel electrical water bath was used for heating purpose.


CINTEX   heating mantle was used for refluxing and distillation.


UV cabinet was used for fluorescence analysis.

3.7 Phytochemical examination

3.7.1 Pretreatment of the plant material

The stem material was air dried under controlled conditions to avoid too many chemical changes occurring.

3.7.2 Extraction of plant material


The extraction process involved the following operations

· Comminution

· Maceration, percolation and extraction

· Distillation

3.7.2.1 Comminution


The material was cut into small pieces.

3.7.2.2. Maceration, Percolation and Extraction


Air dried and cut pieces of stem material of Anisomeles malabarica was thoroughly percolated and first extracted with petroleum ether (60-80 o C), and the residual material was then extracted with acetone (4 x 2.5L) for period of (4 x 3h). 

3.7.2.3  Distillation


The petroleum ether, acetone extracts obtained were clarified by filtration and concentrated by vacuum distillation.  As a standard precaution against loss of material, the concentrated extract was stored in the refrigerator.

3.8 Colour and weight of the extracts of stems of Anisomeles malabarica






Table-2

	EXTRACT
	COLOUR
	WEIGHT (mg)

	Pet-ether
	Yellowish green
	100

	Acetone
	Green
	220


3.9 Coloumn chromatographic analysis of the acetone extract


The residue from the acetone extract (about 5g) was first dissolved in minimum quantity of acetone and adsorbed on silica gel.  It was subjected to chromatographic separation over a column of silica gel built in pet-ether: benzene (8:2)  (i) with increasing amounts of   pet ether: benzene (ii) benzene (iii) mixtures of benzene: ethyl acetate with increasing amount of ethyl acetate (iv) ethyl acetate.  Eluates of 100 ml were collected each time and distilled. The homogeneity  of the fractions was   checked by TLC on silica gel plates.  Similar fractions were combined.

3.10  TLC Analysis of compound


Adsorbents used: Silica Gel G for TLC.


Solvent used for elution: Ethyl acetate.

3.11  2D NMR analysis


2D NMR of the isolated compounds was recorded in DMSO with TMS as internal standard at NMR Research Centre, Sophisticated Instrument Facility, IISC, Bangalore-12. NOESY was recorded which gives evidence for spatial proximity of nuclei using Overhauser effect.  NOESY aim is to identify spins undergoing cross- relaxation rates and to measure cross-relaxation.
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   RESULTS AND DISCUSSION
4.RESULTS AND DISCUSSION


The results of the present study are presented herewith and discussed in the 

light of the objectives set forth.

4.1 Colour tests for extract

The results of colour tests performed in the extract is given here.

Table 3

	Extract
	Steroids
	Alkaloids
	Flavonoid
	Reducing sugar
	Carbohydrates
	Phenolic compounds
	Saponins

	Acetone
	+
	+
	+
	+
	-
	+
	-


4.2 Column chromatographic analysis


Column chromatographic analysis of acetone extract of stems of Anisomeles malabarica has yielded two compounds. It was designated as AM1 and AM2.  The results of the compounds are compared with the authentic samples, which are carried out by the earlier workers in the same laboratory. The results are presented below

· Fractions eluted with pet ether:benzene (80:20) on distillation gave yellow                                                                                      residue.

· Fractions eluted with benzene (100%) on distillation gave light green                                                                                       residue.

· Fractions eluted with benzene:ethyl acetate (75:25) on distillation gave pale yellow  green compound. It was designated as AM1. The compound on TLC analysis found to be homogeneous, gave blue fluorescence under UV light and turned brown in iodine vapour.

· Fractions eluted with benzene:ethyl acetate (50:50) on distillation gave pale yellow  green compound. It was designated as AM2. The compound on TLC analysis found to be homogeneous, gave blue fluorescence under UV light and turned  reddish brown in iodine vapour.

4.3   Identification of isolated compounds

4.3.1 Solubility test


AM1 and AM2 were soluble in acetone and ethanol and partially soluble in chloroform. 

4.3.2 Preliminary test and colour tests

The results of the preliminary tests and the colour tests are given in the table below






Table 4

	Tests
	AM1
	AM2

	Flame test


	Sooty flame &black residue
	Sooty flame &black residue

	Conc. H2SO4


	Yellow coloured solution
	Yellow coloured solution

	Conc.HNO3


	Yellow coloured solution
	Yellow coloured solution

	Neutral ferric chloride


	Dark brown colour
	Dark brown colour

	Ammonia solution 


	Yellow coloured solution
	Yellow coloured solution

	Dil. Sodium hydroxide


	Yellow coloured solution
	Yellow coloured solution

	Magnesium turnings 

&HCl


	Yellow coloured solution
	Yellow coloured solution


4.3.3 Physical measurements of isolated compounds






Table 5

	Physical measurements
	AM1
	AM2

	TLC ( Rf value )


	0.84
	0.51

	Melting point ( oC )


	225
	245

	Weight in mg


	100
	80


4.4Characterization of AM1 & AM2 

4.4.1 Characterisation of AM1 & AM2 by preliminary tests

· Black residue in the flame inferred the presence of sugar moiety in the compound.
· The yellow colouration on treating with ammonia solution indicated the presence of a flavanoidal compound.
· The dark brown colouration developed with neutral ferric chloride indicated the polyphenolic nature of compound
· Comparison of melting point with authentic sample 
· The melting points of AM1 & AM2 with those represented by earlier workers and the compounds were found to identical with that reported by earlier workers
4.4.2 Spectral Characterisation 


earlier workers had identified the compounds by UV, IR, PMR and CMR spectral analysis and the structures established. In the presents study the structure identified for AM1 & AM2 are further confirmed by NOESY 2D  NMR analysis

4.4.2.1 NOESY Spectrum of AM1 & AM2
   
The NOESY Spectrum of AM1 is represented in fig (2). From the partial spectra Fig (3) and Fig (4) the 1,2 and 1,3 coupling interaction between the various proton is revealed. Fig (3) shows the coupling interaction between the glycosidic protons. The NOESY chart confirms 1,2-coupling between 1”-2”,2”-3” and 5”-6” protons of the sugar moiety in AM1. 1,3 coupling is highlighted in 1”-3” protons.

Fig(4) reveals coupling interactions between the aromatic protons in AM1 as well as a useful NOE between the anomeric proton at C-1” and the aromatic proton at C-6 in the flavone ring suggesting a spatial proximity of less than 5 Angstroms between these moieties. 1,2 coupling is proved between (,(’ and (,(’ protons, 2’’’,6’’’ and 3’’’,5’’’ protons , 2’’’,6’’’ and 3’’’,5’’’ protons and between 2’,6’ and 3’,5’ protons in AM1. 
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Similarly the NOESY spectrum of AM2 confirms the structure established. Fig (5) represents the complete NOESY spectrum of AM2. Fig (6) and Fig (7) represent the partial NOESY charts corresponding to glycosidic region and the aromatic and coumaryl regions of AM2. From Fig (6) the expected 1,2 and 1,3 coupling interaction between the glycosidic protons can be envisaged.


Fig(7) reveals the interaction between (,(’ and (,(’ protons, 2’6’ and 3’5’ protons, and between 2’’’,2’’’’,6’’’,6’’’’ and 3’’’,3’’’’,5’’’,5’’’’ protons. NOE proximity correlations  can be proved from the cross peak between C-1” proton and C-6 proton as well as between C-1” proton and (’ proton of the coumaryl moiety.
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Thus this complete NOESY 2D NMR analysis has confirmed the structure established for AM1 and AM2 as given below.
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                        Apigenin 7-O-(-D- (2(,6(-di -O-p-coumaroyl) glucoside(AM1)  
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                           Apigenin-7-O-(-D-(4(-6(-di-O-p-coumaroyl) glucoside (AM2)





SUMMARYAND CONCLUSION


5. SUMMARY AND CONCLUSION

            Medicinal   plants have their value in the substances present in various plant tissues.  These produce specific physiological action in the human body.  In recent years great interest is being shown in the isolation and chemical study of natural products and in particular of those belonging to the class of flavonoids. Among the large numbers and types of organic compounds isolated from natural resources, flavonoids are a class frequently encountered. 

              The major contributions of phytochemical studies of plant are in determining the chemical structures, their biosynthesis and biological function.  Methods like TLC, spectral techniques, chromatographic technique help in isolation and characterization of structures.  The significance of these aspects have been discussed in the introductory chapter.

              Review of literature comprises of past work on Anisomeles species, their classification, the flavones isolated from them and on the identification of structures using 2D spectral techniques. This is presented in the second chapter.


The objective of the present work is to isolate chemical constituents  were  from the acetone extract of the stems of the plant Anisomeles  malabarica (R.Br) and subject them to NOESY 2D NMR analysis. Extraction of 500g of stems, yielded two compounds which were designated as AM1 & AM2. AM1 &AM2 were characterized by preliminary tests and colour tests by comparison with authentic sample. These two compounds had been characterized as Apigenin 7-O-(-D-(2((,6((-di –O-p-coumaroyl) glucoside and Apigenin 7-O-(-D-(4((,6((-di –O-p-coumaroyl)glucoside by the earlier workers in the same laboratory. However further confirmation is hereby done by analyzing the NOESY spectrum of the compounds.

          The NOESY  spectra of both the compounds revealed the exhaustic coupling pattern existing in the compounds and confirms the earlier assignment of the proton position in the compounds AM1 and AM2  by PMR and CMR spectral analysis.

              The NOESY analysis also revealed spatial proximity interaction existing detween the anisomeric protons (C-1(() in both compounds and the C-6 proton of the flavone moiety, probably due to the geometry of the sugar moiety and the flavone moiety. This also confirms the (-glycosidic link in the compounds.

              Thus the analysis of the NOESY spectra of compounds AM1 and AM2 further confirmed the assignment of proton positions in their PMR spectra thereby confirming the structure earlier identified for the two compounds.
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